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Abstract 
In order to investigate heavy metal pollution in Dagu River sediments, 28 sampling sites along the Dagu River were 
selected and sediment samples were withdrawn. Eight heavy metals including Pb, Cr, Cd, Cu, Ni, Zn, As and Hg 
were determined for each sample. Fuzzy comprehensive evaluation was used to evaluate the sediment quality, 
according to the FDEP sediment quality standards, which was improved on the basis of NOAA sediment quality 
standards. Evaluation results indicate that the pollution of Dagu River sediments by investigated heavy metals is 
heavy. The contents of Hg, Cu, Ni and Zn in most sampling sediments are far more than the FDEP standards. 
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1.Introduction 
Dagu River is one of the two main sewage rivers undertaking the roles of discharging all sewages from 
south of Haihe, Tianjin. Heavy metal pollutants in sediments are the result of long-term accumulation. 
They are not biodegradable and can be enriched in organisms. Therefore, they are harmful to ecological 
environment and endanger human health. Evaluation of heavy metal pollutants in Dagu River sediments 
is necessary. The most commonly used sediment quality standards and research methods are background 
value method (Sediment Background Approach, SBA), HaKanson ecological risk index and 
NOAA(National Oceanic and Atmospheric Administration) sediment quality standards, etc. SBA method 
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is currently a basic method to assess river and ocean water quality in china. It is simple and easy to be 
used. However, the method is affected by human subjective criteria. It cannot show the effects to biology 
without the objective biological data and absolute criteria. Moreover, because of the difference on the 
geologic, geomorphology and geochemical composition of the waters, the initial concentration of the 
regional background value often has the magnitude difference [1]. HaKanson ecological risk index 
method was used by Yin et al. [2] to evaluate the heavy metal ecological risk of Dagu River. However, 
HaKanson ecological risk index also has many deficiencies. For example, determination of toxicity 
weighted coefficient is subjective, the possible antagonism is ignored, the toxicity impact of water 
chemistry parameters isn’t reflected, and the impacts on the elements of sediment geochemical 
distribution of hydrology, geomorphology and other environmental conditions are excluded [3]. The U. S. 
FDEP sediment quality standard is used in this paper. It is developed by MacDonaldn and his colleagues 
for the Florida Department Environmental Protection (FDEP), which is an extended database of 
biological effects of sediment improved on the basis of the NOAA sediment quality guidelines. The U.S. 
FDEP sediment quality standard is the most perfect document for evaluation of sediment quality by far. 
The FDEP sediment quality standard database uses data from various biological and different 
geographical conditions. Reportedly, the FDEP sediment quality criteria can be applied to different 
geographical areas [4]. Based on FDEP quality standards, evaluation using the fuzzy comprehensive 
evaluation method may reflect the fuzzy characteristics of sediment contamination from light to heavy. 
Evaluation results are reasonable and close to objective reality.  
2.Methodology 
2.1.Distribution of sampling transects and analysis method of samples  
In order to systematically respond pollution characteristics and spatial distribution of Dagu River 
sediment, sampling sections were selected every 1km to 1.5km in approximately 30km long Dagu 
riverway considering suburban channel characteristics, geography and town distribution of Dagu River. A 
total of 28 representative sections were selected, as shown in Fig. 1. Five sediment samples in each 
transect were taken and evenly mixed as the representative sample. 
 
Fig. 1. Schematic distribution of sampling points 
All sediment samples withdrawn were air-dried, grinded and screened using a 2-mm sieve.  The 
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pretreated sediment samples were then digested by HCl, HF and HClO4.  Heavy metal contents in the 
digesting solution were determined using an atomic absorption spectrophotometer (AAS) in accordance 
with Standard Methods (1998) [5]. 
 
2.2.Sediment Quality Assessment and Evaluation Standards  
Based on FDEP sediment quality [3] guidelines, the relevant information on a particular pollutant is 
divided into two data sets while determining sediment quality guidelines, one group causes the biological 
effects and the other group does not cause biological effects. Two sets of data are arranged in descending 
order of pollutant concentration, and each data set has at least 20 data. After biological effects data are 
sorted, the sediment pollutant concentration corresponding to the calculated sequence of the 10th and 50th 
percentile levels are defined as ER-L and ER-M, respectively. After none biological effect data are sorted, 
the calculated sediment pollutant concentration corresponding to the sequence of the 50th and 85th 
percentile levels are defined as the range of medium values (NER-M) and the range of high value (NER-
H), respectively.  
Threshold Effect Level (TEL) defines the upper limit of the sediment pollutant concentration range of 
none effect data, which can be calculated according to formula (1). 
 
2/1)( MNERLERTEL CCC  u                                                                                                                           (1) 
In (1), CTEL was the concentration for the threshold effect level of pollutants in sediment; CER-L and 
CNER-M were ER-L and NER-M contents of sediment pollutants, respectively.  
Probable Effect Level (PEL) defines the lower limit of the contaminants normally associated with 
negative biological effects, which can be calculated according to formula (2). 
 
2/1)( HNERMERPEL CCC  u                                                                                                                           (2) 
In (2), CPEL was the concentration for the probable effect level of pollutants in sediment; CER-M and 
CNER-H were ER-M and NER-H contents of sediment pollutants, respectively. 
Classification of sediment quality standards and the description of hazard are described in Table 1 
based on FDEP standards. 
Table 1. Sediment quality classification and description (FDEP standards) 
Index Content <TEL TEL~PEL >PEL 
Quality Level I II III 
Quality Status Good General Poor 
The possibility of 
negative effects 
The possibility of harmful effects is 
very small (less than 10%) 
There may be some 
harmful effects 
(20% to 30%) 
The possibility of harmful effects 
is high (60%~90%) 
 
Table 2. FDEP standards 
 Standard values of key indicators (dry weight mg / kg) 
Cd Cr As Cu Pb Hg Ni Zn
TEL Limits 0.68 52.3 7.24 18.7 30.2 0.13 15.9 124
PEL Limits 4.21 160 41.6 108 112 0.7 42.8 271
 
Eight heavy metals (Pb, Cr, Cd, Cu, Ni, Zn, As and Hg) with serious impact on sediment quality are 
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selected. Their TEL and PEL limits of the FDEP standards are shown in Table 2. 
2.3.Comprehensive Evaluation of Sediment  
Fuzzy comprehensive evaluation method is used. The main approaches are: ķ to identify the main 
factors affecting sediment, and to determine the evaluation factor set, evaluation set and membership 
function; ĸ to obtain the integrated membership by calculating the weight and the membership of the 
factors; Ĺ to determine the sediment level. 
 
 
(3) 
Membership can be calculated by the linear membership function of formula (3). [5] 
In (3), y is the membership which corresponds to the type of sediment quality level required by x0 or x1; 
x is the measured heavy metal value in sediment; x0 and x1 are the target standard limits (threshold) of two 
adjacent types of sediment.  
The order membership matrix R can be obtained through membership function of eight individual 
index (Cd, Cr, As, Cu, Pb, Hg, Ni and Zn) of sediment on the three levels. Then, the weight is calculated 
according to the superscale of each index. The high superscale results in a great weight. Finally, each 
parameter is endued with the weight. Weights can be calculated through formula (4). 
 
iii SCW /                                                                                                                                                   (4) 
Where, Ci and Si are each mesured index and the arithmetic mean content of the standard limits, 
respectively. Uniform process can be taken by formula (5) after obtaining the weight of each individual 
index. The obtained uniform weight can form a band matrix W. 
 
])/(/[)/( ¦ 

iiiii SCSCW                                                                                                                              (5) 
7KHFRPSUHKHQVLYHHYDOXDWLRQUHVXOWV:5RIZDWHUHQYLURQPHQWTXDOLW\LQDPHDVXULQJSRLQWFDQEH
made by multiplying the weight set of sediment quality factors (W) and the fuzzy membership matrix (R) 
of sediment factors contributing to the environmental quality grade. 
Typically, several sediment sampling points are selected for sediment quality evaluation of a water 
area. Fuzzy comprehensive sediment evaluation of the multi- sediment sampling points can be obtained 
through weighted or analyzed the sediment quality evaluation results of each sampling point to get 
sediment quality pollution level of the water area. 
3.Result and discussion 
3.1.Heavy metal pollution in each sampling transect 
The specific heavy metal contents of each sampling transect (see Fig. 1) are shown in Fig. 2. The 
corresponding TEL and PEL lines are also shown in Fig. 2 in real line and dashed line, respectively. 
Figure 2 shows that contents of As in only 2 sampling transects (8# and 24#) are lower than its TEL and 
in only one sampling transects (28#) is higher than its PEL. Contents of As in all other sampling transects 
lie between TEL and PEL. Therefore, sediment environmental quality of As is general, i.e. there may 
exist some harmful effect. For Pb, Cd and Cr, their contents are higher than their PEL in sampling 
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taransects of 4#, 5#, 9#, 11#, 12#, 13# and 25#. Pb and Cr contents of 19# sampling transects are less than 
their TEL. Pb, Cd and Cr contents of all other sampling transects lie between their TEL and PEL. 
Sediment environmental quality of Pb, Cd and Cr are harmful. For Hg, Cu, Ni and Zn, except that Cu and 
Hg contents in the 22# sampling transects are less than their PEL, their contents in all other sampling 
transects are higher than their PEL. There is a high ecological risk. 
Generally, heavy metal contents in the sediments of the major Dagu river transects are high and exist 
some ecological risk. The heaviest pollutants of the investigated metals are Hg, followed by Cu, Ni and Zn. 
Pollution of the other four metals is also serious. 
3.2.Comprehensive Evaluation of Sediment Quality  
Based on the FDEP sediment quality standards, the fuzzy comprehensive evaluation is used to obtain 
the weight set of sediment quality parameters (W) (see Table 3) and followed by the membership values 
corresponding to all sediment quality levels (see Table 4) of the 28 sediment samples.  
Table 4 shows that the sediment pollution of whole Dagu river sampling transects is serious. The 
heavy metal pollution memberships of most sampling transects on the Class III sediment quality standard 
are higher than 0.95. The 28# sample transect is almost 100% to the Class III sediment, and the possibility 
of environmental damage reaches to 60%-90%. The sampling transects whose Class III memberships lie 
in 0.90-0.95 are the 7#, 10#, 23# and 24# transects, lie in 0.80-0.89 are the 14#, 15#, 20#, 26# and 27# 
transects, and lie in 0.70-0.79 are the 17#, 18# and 21# transects. Only the 19# and 22# sampling transects 
are good, where their memberships to the Class III sediment quality standard are 0.68 and 0.43, 
respectively. 
Sediment pollution mainly came from external contaminants. Historically, industrial wastewater was 
discharged to the Dagu river directly from urban and suburban factories on the south of Haihe River in 
Tianjin, for example. bicycle factories, chemical plants, gas works, paper mills, dye houses, tanneries, 
dyeing plants and battery factory, etc. The sedimentation and accumulation of the heavy metals 
discharged from factories is the main reason of high heavy metal contamination in Dagu river 
sediments.[7] Hereby, the fuzzy comprehensive evaluation results can be analyzed based on the 
investigation of the sampling distribution diagram. 
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Fig. 2. Heavy metal contents of 28 sampling transects 
Table 3. Weight set (W) of sediment quality parameters  
No. As Hg Pb Cd Cr Cu Ni Zn 
1 0.015 0.703 0.025 0.019 0.031 0.063 0.064 0.080
2 0.008 0.836 0.025 0.010 0.016 0.019 0.046 0.040
3 0.018 0.604 0.061 0.008 0.043 0.070 0.101 0.095
4 0.009 0.676 0.086 0.031 0.056 0.042 0.042 0.059
5 0.019 0.333 0.037 0.064 0.079 0.160 0.172 0.137
6 0.009 0.777 0.005 0.023 0.011 0.023 0.024 0.129
7 0.023 0.514 0.034 0.071 0.025 0.075 0.086 0.174
8 0.001 0.766 0.010 0.043 0.009 0.039 0.074 0.057
9 0.020 0.575 0.063 0.117 0.034 0.062 0.121 0.008
10 0.023 0.619 0.031 0.057 0.032 0.064 0.093 0.081
11 0.013 0.609 0.072 0.029 0.035 0.158 0.049 0.036
12 0.016 0.714 0.024 0.052 0.022 0.053 0.067 0.052
13 0.018 0.684 0.029 0.059 0.036 0.070 0.097 0.008
14 0.014 0.615 0.020 0.051 0.029 0.111 0.083 0.077
15 0.059 0.316 0.102 0.079 0.054 0.138 0.093 0.158
16 0.008 0.861 0.008 0.005 0.005 0.044 0.018 0.050
17 0.022 0.275 0.058 0.070 0.061 0.274 0.148 0.092
18 0.035 0.376 0.027 0.106 0.047 0.180 0.126 0.102
19 0.053 0.282 0.030 0.218 0.039 0.082 0.178 0.119
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20 0.029 0.196 0.032 0.077 0.044 0.274 0.160 0.190
21 0.058 0.168 0.039 0.104 0.033 0.271 0.203 0.125
22 0.082 0.071 0.042 0.162 0.060 0.157 0.226 0.200
23 0.033 0.491 0.017 0.065 0.029 0.151 0.091 0.123
24 0.013 0.298 0.017 0.110 0.048 0.193 0.145 0.177
25 0.011 0.723 0.019 0.035 0.039 0.064 0.034 0.074
26 0.042 0.292 0.024 0.157 0.048 0.100 0.171 0.167
27 0.015 0.073 0.017 0.062 0.030 0.036 0.111 0.657
28 0.042 0.257 0.131 0.099 0.144 0.195 0.072 0.060
Table 4. Comprehensive evaluation result 
No. Class I Class II Class III No. Class I Class II Class III 
1 0.01 0.02 0.97 15 0.01 0.10 0.89 
2 0.01 0.01 0.98 16 0.02 0.02 0.96 
3 0.02 0.01 0.97 17 0.10 0.11 0.79 
4 0.01 0.00 0.99 18 0.10 0.12 0.78 
5 0.00 0.01 0.98 19 0.21 0.11 0.68 
6 0.02 0.01 0.96 20 0.12 0.07 0.82 
7 0.04 0.04 0.92 21 0.10 0.13 0.77 
8 0.02 0.00 0.98 22 0.22 0.36 0.43 
9 0.03 0.02 0.95 23 0.05 0.03 0.92 
10 0.02 0.07 0.91 24 0.06 0.02 0.92 
11 0.01 0.01 0.99 25 0.00 0.01 0.99 
12 0.00 0.01 0.98 26 0.08 0.03 0.89 
13 0.02 0.01 0.97 27 0.07 0.08 0.84 
14 0.05 0.07 0.89 28 0.00 0.00 1.00 
 
For the sampling transects of 1# to 6#, i.e. from the downstream of the Weijin chemical storage outlet 
to the downstream of Chentaizi inverted siphon river water, the Class III membership of the riverway lies 
between 0.96 and 0.99. Thus, the overall quality between the 1# transect and the 6# transect is poor. This 
is because the 1# sampling transect lies in the downstream of the Weijin chemical storage outlet. Weijin 
chemical plants has the main business of organic chemicals and PVC plastics. Their producting process 
involves the use of dyes, therefore heavy metal concentration in the wastewater is high. The contents of 
the eight heavy metals in sediment of the 1# sampling transect are higher than their TEL limits. The 
negative impact on the environment can reach to 60% -90%. The 2#, 3# and 4# sampling transects are near 
the concrete bridges and overpasses. The traffic is heavy and automobile exhaust contains particulates, 
which is produced by the tetraethyl lead burning as agents to the violence in the gasoline. The particulates 
gather together through various channels to the water, so that there is a greater impact on sediment quality. 
In addition, import of part of the Chentaizi drainage river flux promotes the migration of heavy metals in 
sediment to the downstream, thus the sediment quality was affected for the 5# and 6# sampling transects. 
The sampling transects from 7# to 10# are from the downstream of river water inverted siphon to prison 
walls (upstream of the Paoshuiwa pumping station). The Class III membership of the sediment 
throughout the area is light compared with the previous 1# to 6# transects. This is because the import of 
Jizhuangzi river water (tributary of Dagu river) brings the migration of heavy metals in sediment and 
decreases the sediment pollution. However, the 8# sampling transect lies in the downstream of Zhenhua 
woolen mill outlet. Woolen mill uses dyes, thus a lot of heavy metal is involved in the discharged 
wastewater. The contents of Hg, Cd, Ni and Zn in the sediment of the 8# sampling transect exceeds their 
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standard. The sediment quality of the 9# sampling transect is relatively poor due to the impact of upstream 
inflow. 
For the sampling transects from 11# to 13#, i.e. from the downstream of the Paoshuiwa pumping station 
to intersection of Dagu river and Dashipaixian river, the Class III membership of the sediments is from 
0.97 to 0.99. The overall sediment quality is very poor because of the pumping station near the sampling 
transects. 
For the sampling transects from 14# to 22#, i.e. from the downstream of Qingninghoucun pumping 
station to the downstream of Chilong river inverted siphon, the overall sediment quality is relatively good. 
The Class III membership of the sediment in the 22# sampling transect is only 0.43. The good sediment 
quality may be because no obvious external pollution sources containing heavy metals enters the Dagu 
river. 
For the sampling transects from 23# to 25#, i.e. from the south of the Jugezhuang brick plant to river 
bend near Jugezhuang brick plant, the pollution is heavier than the previous 14# to 22# transects. 
Wastewater discharge from Jugezhuang brick plant causes the changes of water quality greatly. 
For the sampling transects of 26# and 27#, i.e. from the downstream of Liuchangpaigan farm bridge to 
the downstream of Hongni river and Dagu river inverted siphon, the pollution is light. Because the import 
of Hongni river water slows down the sediment deposition. 
The pollution of the 28# sampling transect is serious, the Class III membership of sediment quality 
reaches to 1.00. The 28# sampling transect is near the junction of three rivers. Serious sediment 
aggregation may result in a serious superscale of heavy metals and a serious sediment pollution. 
4.Conclusion 
The fuzzy comprehensive evaluation method based  on FDEP sediment quality standards is used to 
evaluate heavy metal pollution of Dagu river sediment. Evaluation results indicate that heavy metal 
pollution of Dagu river sediments is very serious. The contents of Hg, Cu, Ni and Zn in most investigated 
sampling transects are far more than the standards. The pollution is serious from the sampling transects of 
1# to 6# (i.e. from the downstream of the WeiJin chemical storage outlet to the downstream Chentaizi 
inverted siphon river water). The Class III sediment quality membership of the 28# sampling transect 
reaches to 1.00. The overall sediment quality is relately good between the sampling transects of 14# to 22# 
(i.e. from the downstream of Qingninghoucun pumping station to the downstream of Chilong river 
inverted siphon. Thereby, it is necessary to give great effort to renovate and reduce heavy metal contents 
of Dagu river sediment. 
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